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A solar chimney power plant (SCPP) is proposed to be built as the first national SCPP in central regions 
of Iran. Studies of DLR MED-CSP project show that Iran can be a part of the Mediterranean solar power 
generation chain in 2050 to provide electrical power demand of Europe. High direct solar radiation and 
available desert lands in Iran are factors to encourage the full development of solar power plants like 
solar chimney power plants for the thermal and electrical productions of energy for various uses. The 
interested region is the central region of Iran where solar radiation and global insolation are much better 
than other areas. However, to evaluate SCPP performance and power generation throughout Iran, 12 
different areas across the country are considered. The obtained results clear that solar chimney power 
plants can produce from 10 to 28 MWh/month of electrical power. This power production is sufficient 
for the needs of the isolated areas and can even used to feed the grid. 
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1. Introduction 


Increase in world population and living standards, growing 
world electricity consumption, the limited amount of existing fos- 
sil fuel, and the contamination of the environment let us know 
the necessity of using efficient electricity generation systems. By 
releasing greenhouse gases, utilization of fossil fuels has induced 
considerable climate change such as warming the atmosphere. 


* Corresponding author. Tel.: +98 21 88361601. 
E-mail addresses: Asnaghi_a@yahoo.com, aasnaghi@nri.ac.ir (A. Asnaghi). 


1364-0321/$ - see front matter © 2012 Elsevier Ltd. All rights reserved. 
doi:10.1016/j.rser.2012.02.017 


Increase in greenhouse gases may cause several negative impacts 
including receding of glaciers, loss of biodiversity, extinction of 
animals, and loss of productive forests, acidification of oceans, 
killing of heat waves, and retreat of butterflies up mountain- 
sides worldwide. Renewable energy sources can play a great 
role in solving the above problems in the future. Solar chimney 
power plant which absorbs direct and diffused solar radiation and 
converts parts of solar energy into electric power offers inter- 
esting opportunities to use pollution free resources of energy 
[1]. 

Solar chimney power plant can make significant contributions 
to the energy supplies of those countries where solar radiation is 
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highly available and there is plenty of desert land, which is not 
being utilized. 

Currently, solar energy is still underutilized and unfortunately 
occupies a smaller portion of the total energy demand. Due to 
the ever decreasing amount of available conventional (fossil) fuels, 
renewable solar energy has become exceedingly important and 
more commercially affordable. This change has resulted in a strate- 
gic European decision to utilize clean technologies, which was 
confirmed by the signing of the Kyoto Protocol. In the near future, 
Europe plans to significantly reduce its usage of fossil fuels, but it 
does not plan to abandon fossil fuel technologies. Currently, the EU 
plans to provide 20% of electric energy and 30% of thermal energy 
from renewable energy sources by the year 2020 [2]. Moreover, to 
satisfy future electrical energy demand, EU plans to develop solar 
power plants in other countries like Mediterranean, and Middle 
East countries. In DLR MED-CSP project, different countries, e.g. 
Iran, was analyzed to estimate potential of electrical power gener- 
ation from renewable energies [2]. Studies of this project and other 
national performed projects show that there are suitable regions in 
Iran which have high potential for electricity generation from solar 
energy. 

In the central regions of Iran, solar radiation is highly available 
throughout the year, as well as extensive desert areas. These con- 
ditions are favorable for development of a solar chimney power 
plant. In addition to power generation, SCPP can be applied for 
agricultural purposes in these less developed regions. However, 
to evaluate the available potential throughout country, 12 differ- 
ent regions across Iran have been selected. The dimension of SCPP 
which is used to compare potential of different locations is the same 
as Mansanares prototype [3,4]. 

Numerical simulation is used to investigate SCPP perfor- 
mance in 12 selected regions. Power generation of each region is 
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Fig. 1. Solar chimney power plant schematic layout [6]. 
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compared with other regions and the power potential of SCPP in 
Iran is evaluated in this paper. 


2. Solar chimney power plant (SCPP) 


A solar chimney power plant consists of three major parts, the 
collector, the chimney and the power conversion unit (PCU) which 
includes one or several turbine generators. Using the energy storage 
layer, secondary roof, and solar pond are proposed to adjust the 
power production uniformity of the SCPP during the day and the 
night [1,5]. 

SCPP works like a natural power generator that uses solar radia- 
tion energy to increase the internal energy of the flowing air. In this 
system, the solar radiation heats the air below the transparent col- 
lector roof, creating a gradient of temperature. Because the density 
of air is proportional to its temperature, the temperature gradient 
will create the density gradient. The collector slopes from its inlet 
to its center, so buoyancy effects will force air to flow from inlet of 
the collector to entry of chimney where the flowing air will rotate 
a turbine to produce power as it is shown in Fig. 1. 

Basic study on the solar chimney concept was first performed by 
Haaf et al. [3,4]. They began the construction of a pilot solar chimney 
power plant in Mansanares, Spain. The chimney had a height of 
200 m and a diameter of 10 m. The collector area radius was 122 m. 
The maximum power output was measured up to 50 kW [5]. 

After building the Spanish solar chimney prototype, the device 
was considered as the fundamental and experimental basis for 
more studies. Considerable efforts were made in analyzing the 
performance of the chimney power plant in order to prove the 
feasibility as well as the profitability of this kind of power plant 
comparing with the traditional ones. As it is expected, these stud- 
ies showed that the effectiveness of the solar chimney is strongly 
influenced by received solar energy. Pasumarthi and Sherif [7,8] 
have shown that solar chimney technology can be a viable alterna- 
tive technology adapted to hot climate areas such as of Florida. They 
also developed a mathematical model to estimate the temperature 
and power generation of solar chimney power plants. 

It has been shown that the most important physical elements in 
a solar chimney are the tower dimensions as they cause the most 
significant influence on the flow patterns. Another important factor 
is the collector roof shape. Researches show that greater power 
production is feasible by optimizing the collector roof shape and 
height. 

The characteristics of the SCPP are listed below [9]. 


e Efficient solar radiation absorption: The hot air collector used in 
the system, can absorb both direct and diffused radiation. Thus 
the solar chimney can operate on both clear and overcast days. 


A. Asnaghi, S.M. Ladjevardi / Renewable and Sustainable Energy Reviews 16 (2012) 3383-3390 3385 


e Free dual functions, natural energy storage and greenhouse 
effect: The collector provides storage for natural energy, as the 
ground under the transparent cover can absorb some of the radi- 
ated energy during the day and releases it into the collector at 
night. Thus solar chimneys also produce a significant amount of 
electricity at night. The collector itself can also be used as a green- 
house, which will benefit agriculture production accordingly. 
SCPP can operate with low operational cost: Unlike some con- 
ventional power plants, and also other solar-thermal type power 
stations, SCPP do not require any cooling water. This is a key 
advantage in desert lands where there have already been prob- 
lems with potable water. 

Construction of a SCPP costs low: The building materials, mainly 
concrete and transparent materials, needed for solar chimneys 
are available everywhere in almost sufficient capacities. The most 
important part is that no investment in a high-tech manufactur- 
ing plant is needed, as both wind turbine technology and solar 
collectors manufacturing are well-developed. 


3. SCPP in Iran 


Evaluation of SCPP performances in some regions of Iran has 
been studied previously [10]. In the previous work, due to the 
lack of precise environmental information, the considered values 
for affective parameters such as solar radiation, temperature and 
wind speed have been calculated approximately. Besides, consid- 
ered regions usually selected without considering geographical 
conditions, grid, free lands’ availability, and economy conditions 
of the regions. In the current study, it is aimed to move for- 
ward previous research. NRI solar field software which is derived 
from several years environmental average values is used to derive 
and calculate monthly average solar radiation, wind speed, dura- 
tion of sunshine hours, and other geographical data [11]. In 
the following sections, more details about this atlas have been 
provided. 

In the current investigation, 12 regions have been selected 
for feasibility study of constructing a SCPP. Information of these 
regions is presented in Table 1. Annual solar radiation of the 
major of the selected regions is more than 6500MJ/m?, and 
sunshine duration lies between 2400h and 3400h per year. Iran- 
shahr, Jahrom, Bam, Zabol, and Dashtestan have higher annual 
solar radiation comparing to the other selected regions. Zabol has 
higher average annual wind speed which may lead to increase 
heat loss from the roof of the collector. Ardabil presents poor- 
est conditions with the lowest annual solar radiation and annual 
sunshine duration. The selected regions are presented in Fig. 2 
which is derived from Google Map. As it can be observed, 
selected regions have been chosen from different locations of 
country. 


Table 1 


Annual global solar radiation and atmospheric conditions of 12 selected regions in Iran. 
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Fig. 2. Locations of 12 selected regions for SCPP performance evaluation in Iran. 


4. Mathematical model and boundary conditions 


Finite volume method is employed to discretize the governing 
equations. Due to the low variations in the air density, the flow 
is considered incompressible while the compressibility effects are 
modeled by Boussinesq model. The soil is considered as energy stor- 
age layer. It is assumed that soil will attract all passed solar energy 
from the transparent roof and then will transfer it to the air inside 
the collector. 


4.1. Geometry and boundary conditions 


To verify the simulation assumptions and procedure, the Span- 
ish SCPP has been considered as the test case. The experimental 
data of temperature increase in the collector and average velocity 
in the base of the chimney are available to compare with numerical 
results. Dimensions of the test case are as follows: height of chim- 
ney, 200 m; diameter of chimney, 10 m; radius of collector, 122 m; 
height from the inlet to its center, 2-6 m; thickness of the energy 
storage layer, 5m. In Fig. 3, the dimensions and geometry of the 
solar chimney power plant are presented schematically. 


Region Province Longitude Latitude Average annual Average annual Annual Annual solar 
temperature wind speed sunshine radiation 
(K) (m/s) duration (h) (MJ/m?) 
Bam KERMAN 58°21 29°6' 23.08 2.92 3381.6 7307.91 
Tabas YAZD 56°55’ 33°35 22.42 1.51 3322.3 6843.142 
Jahrom FARS 53°33! 28°30’ 25.04 2.07 3398.4 7404.197 
Zabol SISTAN-VA BALUCHESTAN 61°29 31°1' 22.73 5,23 3180.8 7218.597 
Dashtestan BUSHEHR 51°12’ 29°16’ 24.67 2.78 3172.3 7155.944 
Ardabil ARDABIL 48°18’ 38°15’ 9.87 3.22 2400.9 4650.103 
Divandare KORDESTAN 47°1' 35°54 11.06 2.58 2940.7 6274.696 
Iranshahr SISTAN-VA BALUCHESTAN 60°41’ 27°12! 27.52 2.05 3279.2 7481.012 
KhorramAbad LORESTAN 48°21 33°29! 16.98 2.00 3044 6651.087 
Sabzevar KHORASAN-E-RAZAVI 57°40’ 36°12’ 17.18 2.86 3026.1 6295.426 
Varamin TEHRAN 51°39’ 35°19’ 16.76 157 3038.9 6431.607 
Yazd YAZD 54°22’ 31°53’ 19.58 2.68 3252.7 6890.823 
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Fig. 3. Dimensions and geometry of the solar chimney power plant. 


A solar chimney plant with the similar fundamental dimensions 
like the Spanish solar chimney plant will be built in Iran. The anal- 
yses of overall performance considering the radiation variations 
through the year in the selected regions have been provided in this 
paper. Ambient temperature, wind velocity, and other environmen- 
tal data have been used as the monthly average data. 

In the project proposal of Iranian SCPP, it is considered that the 
soil will be used as the energy storage layer. Moreover, the collector 
will be used as a green house for agricultural uses. To reduce the 
energy loss caused by resistance, the collector and the chimney 
are smoothly connected. Besides, shrink flow passage is considered 
at the bottom of chimney. The roof material is transparent glass 
having the transition coefficient equal to 0.85. 

Boundary conditions are set as follows: the outer surface of col- 
lector roof has free convection heat transfer with the ambient air. 
The coefficient of convection is calculated based on the air velocity 
which will be described in the heat transfer mechanism section. 
The real measured ambient temperature, and wind velocity values 
are provided to increase accuracy of simulations. The pressure-inlet 
boundary is considered for both the collector inlet and the chim- 
ney outlet. The pressure and temperature values at the inlet and 
the outlet boundaries are set as equal to the ambient pressure and 
temperature. The chimney wall can be set as an adiabatic boundary 
[12]. Solar radiation which passes through the transparent roof can 
be considered as a heat source for the ground thin layer [13]. The 
employed mesh is presented in Fig. 4. 


Chimney Outlet 


Collector Roof 


Collector Entrance 


Fig. 4. Employed mesh for simulation of Solar chimney power plant. 


4.2. Governing equations 


Due to the flow pattern inside the solar chimney, the geometry 
can be considered as a 2-d axisymmetry flow. The governing equa- 
tions concerning flow inside the solar chimney in the cylindrical 
coordinate are as follow: 


7 T? (oru) “eo =0 (1) 
Te + paenan A = Fe a (Hra) 
am (ue) KS (2) 
Mae + pylon) = e+ Fa (rae) 
| a z) - (00 - pg (3) 
2 12s AOD 12 ((2 ) «2 (2) 
(4) 


In the natural convection, the strength of the buoyancy-induced 
flow is measured by the Rayleigh number (Ra): 
_ gBATL* 
~ av 


Ra (5) 
where AT is the maximum temperature difference of the system. 
L, a and £ are the mean collector height, the thermal diffusivity 
and the thermal expansion coefficient, respectively. In the whole, 
collector and chimney analysis shows that Ra>10!°, thereby, fluid 
flow in the regions may be turbulent. To consider turbulence effects, 
standard k-e method is utilized. By solving the two following equa- 
tions, effective viscosity will be calculated based on the constant air 
viscosity and flow turbulent induced viscosity. 
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The constants of the above equations are considered as follows: 


a( pE) ( 
ð ror 


preu) 


Cie = 1.44, Ce = 1.92, Og = 1.3, Ok = 1.0, (8) 


4.3. Heat transfer mechanisms 


4.3.1. Roof of collector 

e Sun radiation: Although the roof of the collector is made of trans- 
parent materials, it cannot pass all the received sun radiations. 
Therefore, we have to consider absorption, reflection and trans- 
mission. In most literature due to small value, the reflection of 
the outer surface of the roof is neglected. Furthermore, the scat- 
tering effects and absorption of air inside the collector have small 
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effects on the total energy balance calculation. So, it is assumed 
that all the transmitted radiation from the roof will reach to the 
soil. The absorbed energy of roof due to sun radiation will be: 


Absored energy from sun radition by roof = (1 — T)q (9) 


where t is the transmission coefficient of the roof materials. 
Free convection with the ambient air: Due to absorbing some 
parts of sun radiation, the outer surface of the roof has higher 
temperature than the ambient air. This condition will lead to free 
convection heat transfer between the outer surface of the roof 
and the ambient air. The heat transfer coefficient is calculated 
based on the ambient air velocity as follow [14]: 


her = 5.67 + 3.86Vamb (10) 


where Vw is the ambient air velocity. 

Conduction heat transfer in the roof: Because of the small thick- 
ness of the roof, the temperature difference between two sides 
of the roof will be negligible and therefore, the conduction heat 
transfer will be omitted. 

Radiation between the outer surface of the roof with the sky: The 
irradiative heat transfer coefficient is: 


1 
hrg-s = 508g(1 — cos B)(Tg + Toy (Tg + Tey) (11) 


where £ is the angle between the roof and the sky, Tg is the tem- 
perature of the cover, and Tsgy is the equivalent temperature of 
the sky which can be defined as follow: 

Tsky = 0.05527)" (12) 


amb 


e Radiation between the inner surface of the roof with the soil (or 
absorber): Due to temperature difference between roof and the 
soil, the radiation will occur between them. This heat transfer 
mechanism will be simulated by using the basic radiation equa- 
tion. 

e Convection heat transfer between the roof and the air inside the 
collector: by solving the energy equation for air inside the col- 
lector, this heat transfer will be considered. As it is obvious, the 
computational mesh should be finer near the wall to capture the 
thermal and viscosity boundary layer. 


4.3.2. Soil 


e Sun radiation: As it is stated before, the received energy of the soil 
from the sun radiation is proportional to the roof transmission 
coefficient. So, the received energy of the soil can be describe as 
follow: 


Absorbed energy from sun radition by soil = t x q (13) 


where T is the transmission coefficient of the roof materials. 

e Radiation between the inner surface of the roof with the soil (or 
absorber): as it is mentioned before, this heat transfer mechanism 
will be simulated by using the basic radiation equation. 

e Convection heat transfer between the soil and the air inside the 
collector: by solving the energy equation for air inside the collec- 
tor, this heat transfer will be considered. 


4.4. Turbine model 


The pressure jump at the turbine is given by the Beetz power 
limit [15]: 


80:U? 
~~ 27 


opt = (14) 


Table 2 
Comparisons between the numerical results with the experimental data of the Solar 
Chimney Spanish Prototype [3,4]. 


Results Temperature Air velocity at the 
increase in the base of chimney 
collector (K) (m/s) 

Experimental 20 15 

Numerical 21.8 16.2 


The terms pt and U; are the average air density and the average 
air velocity at the turbine section, respectively. The output power 
of the turbine can be calculated by the following equation [16]: 


Output Power = ntôptY (15) 


The terms 7; and V are the efficiency of the turbine and the air 
volume flow rate, respectively. 3-d simulation of turbine can pro- 
vide more detailed results [17]. However, in this study due to the 
scope of the Iranian SCPP project, Eq. (15) is used to simulate the 
turbine output. 


4.5. Solution methods 


In the Boussinesq approach the density difference is just consid- 
ered in the gravitational body force. The reference value of density 
is equal to its value in the ambient temperature. To solve gov- 
erning equations, Fluent commercial software is used. First order 
implicit scheme is used to discretize equations in the time frame. To 
couple velocity and pressure, SIMPLE algorithm is adopted. Veloc- 
ity values on the volume surfaces are computed by using second 
order Upwind estimation. To overcome pressure fluctuations, pres- 
sure values on the volume surfaces are computed by using PRESTO 
method [18]. 


5. IRAN solar energy maps based on NRI method [11] 


This atlas which can provide monthly, seasonal and annual val- 
ues presents the solar energy potential of Iran in GIS software. Iran 
solar energy maps have various applications in power generation 
(feasibility study of grid connected/stand alone solar power plants 
construction), buildings (estimation of thermal/cooling loads and 
feasibility of applying solar water heater collectors), meteorological 
and other related fields. 

In the mentioned method, the solar energy is calculated based on 
the altitude angle, cloud factor and declination angle parameters. To 
determine received and extracted energy values by different solar 
systems, the solar incidence angle and some parameters about the 
efficiency of solar systems should be defined. Measured meteoro- 
logical parameters using in this atlas have been achieved from 217 
IRIMO synoptic stations for at least 3 years. 


6. Numerical results 
6.1. Verification 


In order to get confidence about the numerical procedure and 
undertaken assumptions, we have considered the Solar Chimney 
Spanish Prototype [3]. The air temperature increase in the collec- 
tor and the air average velocity at the chimney base are available 
experimental data of the Spanish prototype. The experimental 
results indicate that, when the solar radiation is 1000 W/m?, the 
upwind velocity at the chimney base is 15 m/s, and the tempera- 
ture increase through the collector with no-load condition reaches 
20K [3,4]. As it is shown in Table 2, good agreement was obtained 
between the obtained numerical results and the reported experi- 
mental data of the Manzanares prototype [3,4]. 
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Fig. 5. Annual electrical power generation of SCPP in the selected regions of Iran. 


Due to the assumption that the earth surface does not have 
heat transfer with the earth deeper layers, the ideal absorption 
assumption [19]; the temperature increase in the numerical results 
is more than the experimental data. Thereby, the average velocity 
of numerical results will be more than the experimental data. 


6.2. Performance of SCPP in the selected regions 


Fig. 5 shows the yearly power output from the reference SCPP at 
various locations of Iran which conditions are presented in Table 1. 
As expected, the power output profile is uniform and propor- 
tional with solar radiation profile. Among the considered regions, 
Bam, Jahrom, Dashtestan and Iranshahr have higher power gener- 
ation per year. Results show that SCPP can produce from 175 to 
265 MWh/year in the selected regions. 

One of the disadvantages of SCPP is the low energy conversion 
efficiency [20]. Most of the absorbed solar energy by the SCPP exit 
from the chimney out let. The air flow at the chimney exit has 
about 20-30 K difference with the environment. In Fig. 6, the annual 
energy losses from the chimney outlet for the selected regions have 
been presented. Comparing the annual energy loss, Fig. 6, to the 
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Fig. 6. Annual energy losses from the chimney outlet of SCPP in the selected regions 
of Iran. 


750.00 - 
= Bam 
700.00 - =t Jahrom 
== Dashtestan 
650.00 - 


== lranshahr 


600.00 - 


550.00 


500.00 


Monthly average solar irradiation (W/m2) 


450.00 r r r r r 7 r r r r 1 
Jan Feb Mar Apr May Jun July Agu Sep Oct Nov Dec 


Month of the year 


Fig. 7. Monthly average variations of global solar irradiance at four locations in Iran 
versus month. 


annual energy generation of SCPP, Fig. 5, shows that SCPP have 
total efficiency lower than 4 percent. 

To analyze performance of SCPP in details, four regions have 
been selected for further comparisons which have higher annual 
electrical power generation based on Fig. 5. The global solar radi- 
ations at four locations versus month are shown in Fig. 7. Among 
these four regions, Iranshahr has higher solar radiation while three 
other show similar variations during the year. Atmospheric tem- 
perature variations of these four regions show similar behaviors, 
Fig. 8. Maximum ambient temperatures are observed in June, July, 
and August. 

In the simulations, it is assumed that the turbine can create 
120 Pa pressure difference. The fixed pressure difference is imple- 
mented by using the reverse fan boundary condition. For further 
research, it is possible to consider that the pressure difference 
varies between 80 and 400 Pa [16]. 

The mass flow rates at the chimney exit are presented in Fig. 9. In 
Fig. 10, electrical power generation of SCPP in four selected regions 
is shown. In two third of the year, mass flow rates of SCPP have 
almost similar values while in the June, July, august and September 
Iranshahr SCPP shows much higher values. Although the mass flow 
rate of Iranshahr SCPP is higher, its power production is lower. 
The main reason is that sunshine durations during the mentioned 
months are higher in other three locations. 

In Fig. 10, the trend line of monthly power generation is plotted. 
The equation is a second order polynomial equation which equation 
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Fig. 8. Monthly average variations of ambient air temperature at four locations in 
Iran versus month. 
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Fig. 9. Mass flow rate at the chimney exit at four locations in Iran versus month. 
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Fig. 10. Monthly average SCPP power generation at four locations in Iran. 


can be used as the basis for initial power profile estimations of SCPP 
in four selected regions. 


7. Conclusion 


In this work a numerical model has been developed to simulate 
SCPP performance in difference regions of Iran. The solar chimney is 
considered to provide the electrical demand of the off-grid villages 
and to be used as an agricultural greenhouse. The obtained results 
show that: 


e The power generation of a solar chimney in central and south- 
ern regions is higher than other regions in Iran due to the higher 
annual solar irradiation, and higher sunshine durations. 

e By increasing the solar irradiations and reduction of heat transfer 
loss from the chimney roof, mass flow rate will be increase and 
consequently the power generation will increase. 

e Power generation is proportional to chimney mass flow rate and 
the sunshine durations. As it is shown in Fig. 9 and for example in 
July, Iranshahr SCPP has higher chimney mass flow rate but due 
to the lower sunshine duration, it produce lower electrical power 
comparing with three other locations. 

e For further research, the bottom of the collector could be consid- 
ered as a porous media. Moreover, the water tank energy storage 


system or salt ponds can be considered in the simulation to pro- 
vide the power generation throughout the day uniformly. 

For the given climate conditions, the produced electrical power 
increases with the increase in the solar irradiation and the ambi- 
ent temperature. The power production is more influenced by the 
solar irradiation than the ambient temperature. 

One of the SCPP disadvantages is the low overall efficiency, below 
4 percent. Results show that almost 96 percent of sun irradia- 
tion absorbed energy will lose from the chimney outlet. More 
study should be taken to increase the SCPP efficiency by using 
the chimney warmed mass flow outlet. 

Obtained formula for SCPP power generation, Fig. 10, can be used 
for further general SCPP feasibility study. Projects like MED-CSP 
can consider this formula which is developed for central and 
southern regions of Iran. 

There is vast desert land, abundant solar radiation, and high 
amount of solar irradiation in central and southern regions of 
Iran. Therefore these regions are suitable for construction sites of 
SCPP for utilizing local solar irradiation. 

The power output of SCPP in central and southern regions is far 
more than from that of the same latitude regions in other areas of 
country. The result may be attributed to the high solar radiation 
and high sunshine duration during the year 

According to the monthly average environmental data, the con- 
sidered solar chimney power plant can produce electrical power 
up to 28 MWh in different months of the year. This electrical 
power production will be sufficient to meet the power demands 
of the off-grid villages. Moreover, the collector can be used as a 
green house for agricultural uses to improve people economical 
conditions in this area. 
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